Diatom and chironomid analysis of sediments encompassing the past 400 years from Bouchie Lake, British Columbia, suggests two distinct periods of limnological conditions. Prior to 1950 AD, Fragilaria construens and F. pinnata are the most common diatom species, and Chironomus, Procladius and Tanytarsini dominate the chironomid record. Moderately low nutrient concentrations consistent with oligo-mesotrophic lakes are inferred. From 1950, the diatom assemblage is dominated by Stephanodiscus parvus, a eutrophic indicator, whereas the chironomid communities show a relative increase in littoral taxa coincident with lower head capsule abundance. Higher nutrient levels, specifically total phosphorus, which increased from 8 µg L -1 prior to 1950 to 20 µg L -1 currently, are coincident with midge communities indicative of lower oxygen concentrations. Observed biotic changes and nutrient levels inferred from the sediment core correspond to historical land-use changes.
Introduction
Aquatic organisms, such as diatoms and chironomids, have been successfully used globally as quantitative indicators of limnological change (Smol 1992 (Smol , 2002 Pienitz and Vincent 2003) , especially in eutrophication studies (Brodin 1982; Hall and Smol 1999) . Estimates of past total phosphorus and hypolimnetic oxygen concentrations can provide an indication of former productivity. Paleolimnological reconstructions have often identified large-scale anthropogenic (e.g., Gravenhurst Bay [Clerk et al. 2000 ], Peninsula Lake [Little et al. 2000] ) and natural changes in trophic status (Moser et al. 2002) .
In western Canada, diatom-and chironomid-based models have been developed to estimate lake total phosphorus (Hall and Smol 1992; Reavie et al. 1995a ), water salinity (Cumming et al. 1995; Cumming and Smol 1993; Heinrichs et al. 2001; Walker et al. 1995; Wilson et al. 1994 Wilson et al. , 1996 and mean July air temperature (Palmer et al. 2002; Rosenberg et al. 2004) . Few sites in British Columbia have had >150 years of European contact, thus paleolimnological research has generally focused on either:
(1) the environmental response to natural processes such as climate change (e.g., Bennett et al. 2001; Cumming et al. 2002) , or (2) very recent human-induced change (e.g., Reavie et al. 1995b Reavie et al. , 2000 Walker et al. 1993) . Despite the apparent high trophic status of many lakes prior to settlement in the sparsely populated interior of British Columbia (Reavie et al. 1995b) , increased land use has had a detrimental effect on relatively rural lake ecosystems, reflected in increased eutrophication.
Concerns regarding summer anoxia and algal blooms in Bouchie Lake, British Columbia, during the last decade (Kris Andrews, Ministry of Water, Land and Air Protection, pers. comm.) prompted an investigation into the sources (Hart 2002) and recent history of nutrient loading. Analyses of historical diatom and chironomid communities were done in this study to provide evidence of: (1) the timing of significant limnological changes, and (2) the severity and extent of cultural eutrophication relative to the pre-European sedimentary record, according to habitat preferences of the taxa involved. To reconstruct past total phosphorus, estimations were made using the diatom-based model derived from a subset of 111 freshwater (salinity <1 g L -1
) lakes in British Columbia (Wilson et al. 1994 (Wilson et al. , 1996 . Quantitative reconstructions of past hypolimnetic oxygen concentrations were based on a model prepared from southcentral Ontario (Quinlan and Smol 2001) to provide an approximate indication of oxygen levels.
of the Sub-boreal Spruce (SBSdw) biogeoclimatic zone (Meidinger and Pojar 1991) . From 1971 to 2000, the mean annual temperature at Quesnel Airport (545.3 m asl) was approximately 5.1°C, with a mean annual precipitation of 540 mm (Meteorological Service of Canada 2002) .
Bouchie Lake is relatively large, having a surface area of 128 ha, yet most of the lake is shallow, and the littoral zone encompasses 82 ha. The mean depth is 3.8 m and maximum depth is 7.3 m. Water from Milburn Lake and several other smaller lakes, with a total catchment of 3070 ha, enters Bouchie Lake on the west side through Bouchie Creek. Purser Creek drains a smaller catchment of 1381 ha, entering Bouchie Lake on the southern side. The total catchment is estimated at 5185 ha. Bouchie Lake drains from the eastern side into the Fraser River via Bouchie Creek.
European settlement of the Cariboo district of British Columbia increased in 1858 with the gold rush and led to the establishment of Quesnel at the confluence of the Fraser and Quesnel rivers. In 1869, William Boucher took possession of the land surrounding Bouchie Lake (Elliot 1958) , building a home on its shore in 1902 (Bouchie Lake Women's Institute 1975). More settlers arrived at the lake during 1911 to 1926, such that a school was established in 1922 for 17 pupils (Malaspina University College). During this time increased logging occurred to supply ties for the Pacific Great Eastern Railway, and fields were used to pasture cattle, driven in part by the formation of the Quesnel creamery in 1918. In the 1930s, several farmers, having left the drought conditions of Alberta and Saskatchewan, arrived in the community and cleared additional land for their homesteads (Bouchie Lake Women's Institute 1975) . In the 1940s, numerous saw mills opened in the region, and a new creamery and annual cattle sales in Quesnel led to more land clearing for agricultural purposes. A new community hall was built in 1947, and electricity and telephone arrived by 1953 and 1955 , respectively (Bouchie Lake Women's Institute 1975 . In the 1950s, several farms were converted into recreational properties, either for the golf course, the rod and gun club, or for lakeshore resorts/cottages. In 1970, 10 permanent residences were reported on the lakeshore, and by 2001 there were 69 residences on the north, east and southern shores, and an additional 11 on Milburn Lake (Hart 2002) . Currently, lakeshore and rural residential land occupies 13% of the total catchment area. The total deeded agricultural land is 36% of the basin, of which cleared land (used for hay production and grazing by cattle and horses) represents 11% of the catchment area (Hart 2002) . Crown land, consisting of forests, logged areas, wetlands and roads, occupies 46% of the basin. Approximately 13% of the watershed has been logged recently (Hart 2002 (Hart 2002 ). Hart (2002) estimated that as little as 16% of the total P load originates from local domestic septic systems. Diffuse nutrient sources potentially contribute up to 64% of the total P load. The remainder may be from developed rural and lakeshore residential land (14%) and atmospheric contributions (6%). Late summer anoxia has become common in recent years (Fig. 2) .
Methodology

Lake Sampling
In 2000, the British Columbia Ministry of Water, Land and Air Protection used a modified Kajak-Brinkhurst coring device (Glew 1989 ) with an internal diameter of 6.35 cm to obtain a 53-cm long sediment core from the centre of the lake. The core was extracted and sectioned into 0.5-cm intervals prior to analysis.
Pb Dating and Organic Matter Determination
The sediment was weighed wet, dried for 24 h in a freeze dryer, and re-weighed to determine percent water. Approximately 1 g of dried sediment was sealed in plastic tubes with epoxy for at least two weeks prior to counting to enable measurement of 241 Bi, a gas, a proxy for 226 Ra (supported 210 Pb) in the sediment. Activities of 210 Pb, 137 Cs and supported 210 Pb (via 214 Bi) were determined by measuring gamma decays for each sample using a germanium well-detector (Schelske et al. 1994 ). Unsupported 210 Pb was calculated by sub- 420 Heinrichs et al. tracting supported 210 Pb from the total 210 Pb activity at each level. Core chronology and sedimentation rates were calculated using the constant-rate-of-supply (CRS) model of Appleby and Oldfield (1978) .
Percent organic matter was determined on the dated samples using standard loss-on-ignition techniques (Dean 1974) . A known quantity of freeze-dried sediment was heated to 550°C for two hours and re-weighed cool. The weight difference was used as an estimate of percent organic matter for each interval.
Diatom Analysis
Twenty intervals were subsampled for diatoms using standard techniques (Cumming et al. 1995) . Briefly, wet sediment was suspended in an equal mixture of concentrated sulphuric and nitric acids for 24 h to remove organic materials, followed by immersion for five hours in a water bath at 70°C. After settling for 24 h, the acidic solution above the digested sediment was siphoned off and the remaining material and acid was rinsed with distilled water and allowed to settle for an additional 24-h period. This procedure was repeated eight times, after which the sample achieved the same pH as the distilled water. The diatom-rich residue was pipetted onto micro- scope coverslips and allowed to dry on a warming tray prior to mounting onto slides with Naphrax.
A minimum of 400 diatom valves was identified per sample at 1000x magnification using a Leica DMBR microscope with DIC optics. Identifications were based on keys by Krammer and Lange-Bertalot (1986 , 1988 , 1991a , Reimer (1966, 1975) and Cumming et al. (1995) . Diatom zones were established using stratigraphically constrained sum-of-squares cluster analysis (Grimm 1987) .
Total phosphorus was reconstructed using CALI-BRATE 0.82 software (Juggins and ter Braak 1997) from a model based on 111 freshwater lakes sampled by Wilson et al. (1996) . The model is based on estimates of taxa optima by weighted-averaging regression on nontransformed percentage data, and has a jack-knifed coefficient of determination (r 2 jack) of 0.47. If the diatom-based reconstruction follows the main direction of variation in the downcore diatom communities, then the changes are considered consistent with phosphorus. If the correlation between the main direction of variation and diatom-inferred phosphorus values is weak, then other environmental variables, such as water depth, salinity, turbulence, etc., are thought to be responsible for the observed changes in diatom communities. The direction of variation was determined using CANOCO 4.0 (ter Braak 1998) from the first axis species scores of a correspondence analysis ordination (CA) on non-transformed species abundance data. CA was chosen based on the large gradient length (>1.5 standard deviation units) obtained in an initial detrended correspondence analysis (DCA) ordination.
Downcore diatom communities were also assessed to determine if they were well represented in modernday samples recovered from the 111-lake training set. To determine if appropriate analogues existed, we found which samples in the training set most resembled each of the 20 intervals from Bouchie Lake, based on a squared chord dissimilarity coefficient between all species. The best matches were compared with the distribution of best matches between all modern samples with each other. Samples that were more dissimilar than 80% of the modern communities were deemed to be "poor analogues," and those more dissimilar than 95% of the modern communities were deemed to have no modern analogue. More confidence can be placed in the reconstruction if modern analogues exist.
Chironomid Analysis
Chironomids were processed according to standard techniques (Walker 2001) . Volumes of freeze-dried sediment, ranging from 0.5 to 2.8 mL, were deflocculated in warm, 5% KOH for 20 min. The material was sieved on a 90-µm mesh to remove mineral and organic debris. The residue was transferred to a Borgorov counting tray where head capsules were extracted under a dissecting microscope. Chironomid remains were fixed on microscope slides using Entellan mounting medium for identification under a compound microscope at 400x magnification.
Identification of head capsules follows that of Walker (1988 Walker ( , 2000 . The Tanytarsini were identified to higher taxonomic resolution when possible, however incomplete remains were plotted as Tanytarsini (undif.). Early instar Tanypodinae, Tanypodinae without ligula, and unidentifiable Tanypodinae were included as Tanypodinae (undif.), but are not included in the sum total of identifiable chironomids. Psectrocladius sordidellus and P. septentrionalis were plotted as Psectrocladius (undif.). The chironomid percentage diagram was made using the computer program TiliaGraph 2.0.b.5 (Grimm 1991) . Zones were established by performing a constrained sum-of-squares analysis on percentage data using a square chord distance, with the computer program Zone 1.2 (Juggins 1991) .
Examinations of the chironomid data for species richness, Shannon-Wiener diversity, head capsule concentration, and volume-weight hypolimnetic oxygen (VWHO) were performed to support the ecological interpretation of limnological change. The inverse WA(tol) VWHO model with r 2 jack = 0.54 and RMSEP = 2.15 of Quinlan and Smol (2001) was applied using CALI-BRATE 0.82 software (Juggins and ter Braak 1997) . The main direction of variation was established using CANOCO 4.0 (ter Braak 1998) through an initial DCA, to determine gradient length (1.2 standard deviation units), and a subsequent principal components analysis (PCA) ordination on non-transformed data.
Results
Pb Dating and Organic Matter Determination
Chronological control for this core was provided using 210 Pb dating (Fig. 3) . Overall 210 Pb activity in the core is approximately 1 pCi g -1 from the base to 20 cm, and a peak value of 7 pCi g -1 occurs at about 14 cm (Fig. 3A) . A distinct 137 Cs peak occurs from about 18 to 15.5 cm (Fig. 3B) . Dates obtained using the CRS model are shown in the depth-age model (Fig. 3C) , and used in subsequent diatom (Fig. 4) and chironomid (Fig. 5) diagrams.
Sediment composition is approximately 50% organic matter from the base of the core to 40 cm, after which a decline occurs to about 40% by 20 cm (Fig. 6A) . After a small spike to 45% at 10 cm, organic content drops dramatically to ~25% at the core surface. Sediment accumulation increases significantly after 1940 (Fig. 6B ).
Diatom Analysis
Eighty-three diatom taxa are found in this core, of which a third have a maximum abundance of <1 to 3% (Fig. 4) . Three distinct taxa assemblages are observed: diatom Diatom-inferred total phosphorus. The main direction of variation of CA axis 1 (Fig. 6C ) corresponds with that of the diatom-inferred total phosphorus (R 2 = 0.99). Analogue analysis shows all the downcore values to be <0.5, or <50% dissimilar from the modern training set (Fig. 6D) . Inferred values of total phosphorus range from 8 to 10 µg L -1 in Zone C (Fig. 6E) . Inferred phosphorus for Zones B and A is around 20 µg L -1 .
Chironomid Analysis
Chironomid analysis from Bouchie Lake reveals two distinct taxa assemblages. Zone I occurs from 52.5 to 15.5 cm, about 1614 to 1947 AD. Zone II occurs from 15.5 to 0.5 cm, 1947 to 2000 AD (Fig. 5) .
Zone I. This zone is dominated by Chironomus, ranging between 35 to 50% of the identifiable taxa. Procladius and undifferentiated Tanytarsini range between 10 to 20% and 5 to 20%, respectively. The remainder of the assemblage consists of a variety of Tanypodinae, Tanytarsini, Chironomini and Orthocladiinae.
Zone II. This zone is also dominated by Chironomus; percentages range from 30 to 35% at the start of the zone, to <15% at 6.5 cm, or 1990. Recent sediments record an increase in Chironomus, to about 50%, followed by a rapid decline to 30%. Procladius follows a declining trend throughout this zone, beginning at about 25% and falling to <10%. Dicrotendipes increases in this zone compared to the previous, ranging between 10 and 15%. Tanytarsini and Psectrocladius remain relatively unchanged from Zone I. Small increases are seen in Cladopelma, Glyptotendipes, Cricotopus and the Pentaneurini. Stempellinella, Tanytarsus lugens and Cryptochironomus decrease relative to Zone 1. Endochironomus appears only late in this zone.
Species richness, diversity and head capsule concentrations. Shannon-Wiener diversity indices range between 1.7 and 2.2 in Zone I, and increase in Zone II, up to 2.6 (Fig. 6F) . A similar trend in species richness values is evident, with values in Zone I ranging between 12 and 18, and in Zone II ranging between 15 and 23 (Fig. 6G) . The highest biodiversity values occur from approximately 10 to 2.5 cm. No significant differences in diversity index or richness values were observed between zones.
Concentrations of head capsules vary from 40 to 100 hc mL -1 in Zone I (Fig. 6H ). This is somewhat higher than in Zone II, where they occur in concentrations of 25 to 50 hc mL -1
. The values between zones are significantly different (p ≤ 0.001). Estimates of head capsules per cm 2 , determined using the estimated sediment accumulation rate, yield significantly higher values in Zone I than Zone II (p ≤ 0.003).
Volume-weighted hypolimnetic oxygen. PCA axis 1 ordination scores (Fig. 6I ) are weakly correlated with hypolimnetic oxygen (R 2 = 0.59). Quantitative results from the transfer function of Quinlan and Smol (2001) average about 1.13 mg L -1 oxygen in Zone I (Fig. 6J) . The values at the base of Zone II are similar to Zone I, but are higher in the middle of the zone, reaching a maximum of 1.29 mg L -1 , before decreasing to the lowest value, 0.95 mg L -1 , recorded in the uppermost interval.
Discussion
Analysis of the Bouchie Lake sediments was along three lines: the age and composition of the core was established, the diatom stratigraphy was reconstructed and total phosphorus was inferred, and the chironomid history re-established and hypolimnetic oxygen was inferred. These records are interpreted below, and put into a paleolimnological context. We also discuss the implications of these results for the future water quality of Bouchie Lake. Pb measurements, 1963 occurs around 14 to 13.5 cm in the core, a discrepancy of at least 2 cm. Based on this discrepancy, a conservative uncertainty of the CRS age-depth model in this core is likely in the range of 10 years. Recent decreases in the amount of organic material are likely due to an increase in inorganic material entering the lake, or alternatively, from decreased allochthonous and autochthonous organics. As expected based on the lower 210 Pb activities in the recent sediments and our application of the CRS model, sedimentation rates are inferred to increase starting at ~10 cm (about 1980).
Chronology and Core Composition
Diatom History
In basal sequences (Zone C), the presence of small, benthic Fragilaria species suggest oligo-mesotrophic conditions existed prior to European settlement, and remained until about 1950.
A shift in trophic conditions is interpreted for Zone B, as meso-eutrophic conditions developed by the end of this zone, indicated by the increase in A. ambigua and S. parvus. This period (ca. 1950 to 1985) coincides with increased agricultural, residential and recreational activities in the watershed. Excess nutrients, such as phosphorus and nitrogen, likely eroded from soils or were generated from agricultural activities and entered the lake system.
The most recent period (Zone A, ca. 1985 to present) encompasses the period of increased sedimentation and decreased organic content. Despite abundant S. parvus indicating eutrophic conditions in the lake, total productivity may have declined via self shading. However, the more likely cause for both the increase in the sedimentation rate and low organic content is increased inorganic material entering the lake from land clearing, road and subdivision construction, and landscaping.
Phosphorus inferences. Since all diatom assemblages in the core were well represented in the present-day assemblages in the calibration set, and the main direction of the variation was related significantly to the inferred phosphorus values, the changes in the diatom assemblages with time appear related to increased phosphorus concentrations and suggest that Bouchie Lake has become more eutrophic. An increase in phosphorus from 8 µg L -1 prior to 1950 to approximately 20 µg L -1 after 1980 is suggested by the total phosphorus preferences of the dominant diatom taxa. Thus the quantitative reconstruction is supported by the hypothesis that oligo-mesotrophic conditions changed to eutrophic conditions in the last two decades.
Chironomid History
The basal zone assemblage is rather typical of mesotrophic lakes, containing a selection of chironomids with broad environmental tolerances. Chironomus, found throughout the zone, suggests that the lake is frequently oxygen-poor and not nutrient depleted (Brooks et al. 2001) . The abundant Tanypodinae suggests that the lake is largely made up of littoral habitat. Procladius, which can be abundant in shallow, nutrient-rich North American lakes (Freimuth and Bass 1994) , was also present, confirming this impression. The assemblage is similar to that of Big Lake (Heinrichs et al. 2001) , where abundant Chironomus, Procladius, Psectrocladius, Dicrotendipes and Tanytarsini were observed in recent sediments. At Bouchie Lake, this zone represents the natural background rate and character of limnological change. The boundary between Zones I and II is coincident with that between diatom Zones C and B, suggesting that a significant change took place in the lake at this time.
After 1950, conditions may appear more oxygenrich than before, given a relative decline of hypoxia-tolerant midges (i.e., Chironomus) and increases in oxygensensitive taxa (i.e., Heterotrissocladius, Micropsectra). However, increases in Dicrotendipes, Glyptotendipes, Cladopelma and Cricotopus point to increases in total phosphorus (Brooks et al. 2001) . The relative decline in Chironomus may also suggest a decreasing profundal oxygen concentration, expected with nutrient increases. The numerous, relatively large variations in chironomid abundances later in this zone indicate rapid and severe limnological changes.
Statistical and oxygen inferences.
Higher biodiversity values may suggest that the chironomid community responded favourably to the inferred increase in nutrients after 1950; however, if excess nutrients resulted in increased productivity and subsequent decomposition in the hypolimnion caused anoxia, the observed increase in biodiversity cannot be viewed as a positive change. Under low oxygen conditions, the proportion of lowoxygen tolerant chironomids (e.g., Chironomus spp.) would generally be expected to increase (Sayer et al. 1999; Specziar and Voros 2001) , but would be eliminated during anoxic conditions (Heinis and Crommentuijn 1992) . If the severity of anoxia is such that it eliminates much of the profundal fauna, the only chironomids remaining will be those that can survive in oxygenated or littoral areas (Dinsmore et al. 1999; Lodscrozet and Lachavanne 1994; Stahl 1998) , resulting in a higher biodiversity index value.
This particular shift in representation, from profundal to littoral-dwelling chironomids, because of eutrophication, has been documented elsewhere in southern British Columbia (Walker et al. 1993) , Canada (Clerk et al. 2000; Little et al. 2000) and elsewhere (Kansanen 1985; Stahl 1998) . It was also observed in reverse at Amisk Lake, Alberta, where oxygenation of a nearanoxic lake resulted in Shannon-Weaver diversity indices of benthic invertebrates decreasing as dissolved oxygen concentrations increased over the study period (Dinsmore and Prepas 1997).
Unlike at Gravenhurst Bay (Little et al. 2000) where maximum depth was 15 m and mean depth was nearly 10 m, less than a third of Bouchie Lake can be considered profundal. Thus, anoxia in Bouchie Lake may have less effect on the relative proportions of profundal to littoral taxa within the assemblage, but does appear to reduce overall abundance, making oxygen-sensitive taxa more apparent. The lower concentrations and fewer head capsules per unit area in Zone II support the interpretation of increased anoxia.
Application of the Ontario-based oxygen inference model to British Columbia fauna is less than ideal, as several taxa found in Bouchie Lake were not present in the model, and vice versa. Given the weak correlation between PCA axis one scores and midge-inferred VWHO results, and the relatively high RMSEP (2.15, which is greater than the range of values estimated for the entire record), it is not surprising that no statistically significant changes in oxygen concentrations were observed. The trend observed in the reconstructed oxygen values is also inconsistent with the ecological interpretation. Estimates prior to 1950 may reflect actual values, but those after 1950 likely overestimate the actual concentrations. The higher inferred-oxygen values likely reflect the greater proportion of chironomid remains being transported from waters that were richer in oxygen, i.e., the littoral zone or Bouchie and Purser Creek deltas, though none of the taxa encountered were rheophilous.
Paleolimnological Perspective
Not surprisingly, the diatom and chironomid analyses of a sediment core from Bouchie Lake indicate that eutrophication occurred concurrently with historical land use change (Hall et al. 1997) . The chironomid and diatom communities prior to 1950 were mostly unaffected by anything other than natural disturbance processes, such as fire, vegetation succession or climate variation. There was little large-scale timber harvesting, or agricultural or residential development in the watershed prior to this period.
Beginning in 1950, significant changes in water quality are inferred. The diatom record indicates an increasing trend in nutrient concentration, specifically phosphorus, especially in the last 20 years. Changes in the chironomids around 1990 suggest a new equilibrium in trophic status. This is approximately coincident with anecdotal reports of fish kills and abundant algal blooms. Increased land use for timber harvesting, agriculture, and recreational and residential development has also accelerated since the 1970s, with half the number of current residences established during the 1980s and 1990s (Hart 2002) . A post-settlement record of limnological change and eutrophication also appears elsewhere in western Canada (e.g., Blais et al. 2000; Hall et al. 1997; Laird and Cumming 2001; Reavie et al. 1995b Reavie et al. , 2000 .
Another source of nutrients in Bouchie Lake may be upstream wetlands Kim et al. 2001) , depending upon their hydrologic regime (Raisin et al. 1999 ). The precise role wetlands play in providing diffuse nutrients to boreal lakes is not well understood, but they are recognized as important means of nutrient transport into aquatic systems (Heikkinen 1994 ). There are extensive wetlands in the Bouchie Lake watershed, and rapid flushing during spring flood or during beaver dam failures (Hillman 1998; Hart 2002 ) may add significant nutrients to the lake. Land use activities in the watershed, i.e., timber harvesting, agricultural and residential development, may have also changed hydrological patterns resulting in higher flow rates through the wetlands.
Future Concerns
At Bouchie Lake, eutrophication occurred over the past 50 years, and is likely correlated with human-related activities and phosphorus export from the watershed (Hart 2002) , rather than from naturally occurring processes. A logical first step in lake ecosystem management would be to limit additional nutrient input from point sources. Potential options include installation of a sewage treatment system for the residents of Bouchie Lake, repairing malfunctioning on-site sewage disposal systems, and preventing phosphorus-rich runoff from livestock wintering areas from flowing into the lake (e.g., Moore and Madison 1985) . Even if sewage treatment was to replace the current septic systems, existing phosphorus plumes may persist for many years (Robertson and Harman 1999) . Furthermore, removing point-source nutrients may not be sufficient to lead to the restoration of the original ecosystems. Several eutrophic boreal lakes in Finland did not recover after installation of sewage treatment systems (Meriläinen et al. 2000; Foy et al. 2003 ). There, diffuse nutrient loading from forestry and agricultural activities are believed responsible for sustained eutrophication decades after point-source nutrients were eliminated (Vuorenmaa et al. 2002; Räike et al. 2003 ).
An additional potential source of nutrients in the water column may be the lake sediment itself. Phosphorus may be released from iron-phosphorus complexes in organic sediments under anoxic conditions (Ostrofsky et al. 1989 , Søndergaard et al. 2003 . Petticrew and Arocena (2001) found evidence of phosphorus release during anoxic conditions from eutrophic Tabor Lake, British Columbia. However, they suggest that internal loading from phosphorus may be potentially managed with specific treatment techniques. A related concern is the resuspension of sediments (Beachler and Hill 2003; Anthony and Downing 2003; Krogerus and Ekholm 2003) from wind and powerboats on the lake, as Bouchie Lake is used for various recreational pursuits. Søndergaard et al. (2003) suggest that phosphorus can be released from sediments as much as 20 cm below the surface. At Bouchie Lake, it has taken approximately 10 years to deposit the last 10 cm of sediment, thus internal phosphorus loads may be expected to persist for at least a decade beyond any nutrient reduction initiatives.
Logging and associated activities within the catchment are probable contributing factors to diffuse phosphorus input into the lake (Evans et al. 2000; Steedman and France 2000) . It is estimated that 13% of the Bouchie Lake catchment has been recently logged (Hart 2002) , and the length of time this impact will have on the lake is also unknown. Obviously, economic activities within this region of British Columbia are essential; however the importance of maintaining aquatic ecosystem integrity cannot be overlooked. Adherence to forestry and agricultural practices in current and future activities that limit hydrological changes and soil erosion (i.e., maintain natural drainage patterns, limit surface runoff, protect riparian areas) should be promoted.
Conclusions
Diatom and midge analysis reveals a historical lake trophic status that was relatively stable until approximately 1950. From this time, human impact on the landscape had a direct and increasingly detrimental effect on water quality. This pattern has been demonstrated elsewhere in the province, and as such, suggests current land-use practices and sustainable, natural aquatic ecosystems are not compatible. Improved management of lake and stream riparian zones, better control of road and ditch runoff, upgrading of defective septic systems, and careful management of livestock wintering areas would likely serve to reduce diffuse phosphorus loading. Without significant changes to land-use practices, phosphorus input, primarily from diffuse sources, will likely remain responsible for the long-term eutrophication of Bouchie Lake. To improve estimates of past oxygen concentrations, a western Canadian transfer function for chironomid-inferred VWHO should be developed.
